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Editorial

Atrial fibrillation: the last challenge in interventional
electrophysiology

The number of antiarrhythmic drugs currently used to
treat atrial fibrillation reflects the inadequacy of the avail-
able drugs-no agent approaches the ideal in terms of
efficacy, tolerability, and safety. Whether the goal of treat-
ment is the maintenance of sinus rhythm or control of the
ventricular rate, in many it cannot be achieved with drugs
alone. This group is proportionately small but numer-
ically important-every cardiologist sees such patients-
and it is not surprising that increasing attention is being
paid to possible alternatives to drug treatment.

Control of the ventricular rate: atrioventricular
nodal ablation and modification
PERMANENT ATRIAL FIBRILLATION
For patients with irreversible atrial fibrillation and a rapid
ventricular response that is refractory to drug treatment,
catheter ablation of the atrioventricular node is now an
established approach. Procedural success rates are high
and complications rare in experienced hands.' With
appropriate selection of patients, an improved quality of
life can be achieved. Modest increases in left ventricular
ejection fraction and exercise tolerance have been
reported.2A
The disadvantage of atrioventricular node ablation is

that it creates permanent pacemaker dependence: it
would be better to slow the ventricular response by modu-
lating atrioventricular conduction, rather than interrupt it
altogether.' Attempts to achieve this by reducing the
energy delivered using the standard (anterior) approach
to the atrioventricular node have been disappointing,
yielding either complete heart block or unchanged atrio-
ventricular conduction during atrial fibrillation.6 More
recently, modification of atrioventricular conduction has
been reported with ablation at a posteroseptal site, equiv-
alent to the "slow pathway", in patients with dual atrio-
ventricular physiology.78 The rationale for this approach
is that the slowly conducting inputs to the atrioventricular
node generally have the shortest refractory period and
that this property, rather than conduction velocity, deter-
mines the ventricular rate during atrial fibrillation. This
model may be too simple: the function of the node and its
inputs remains unclear, and dual nodal physiology is cer-
tainly not universal. Ablation sites that achieve a sus-
tained reduction in ventricular rate lie close to the
compact node itself, so that efficacy carries a significant
risk of complete heart block. The role of atrioventricular
nodal modification will undoubtedly become clearer as
many centres attempt this technique. For the time being, it
should be reserved for patients in whom pacemaker
dependence is an acceptable outcome.

PAROXYSMAL ATRIAL FIBRILLATION
The conceptual simplicity of atrioventricular nodal abla-
tion for chronic atrial fibrillation has led some to regard it
as a panacea for "difficult" patients, and the procedure is
increasingly performed in those with symptomatic parox-
ysmal atrial fibrillation that is resistant to drug treatment.

However, management of such patients is far from
straightforward. Dual chamber pacing is required because
atrioventricular dissociation during sinus rhythm is both
poorly tolerated and arrhythmogenic. The device
implanted, however, should also be able to switch mode
to some form of physiological ventricular pacing (VVIR)
during episodes of atrial fibrillation to avoid tracking the
arrhythmia at a fast ventricular rate. Such state-of-the-art
devices require considerable fine tuning to avoid abrupt
fluctuations in heart rate. The symptomatic results of
atrioventricular nodal ablation for paroxysmal atrial fibril-
lation can be spectacularly successful but are often disap-
pointing, even with these precautions, perhaps because
patients frequently remain acutely aware of changes in
atrial rhythm. Furthermore, atrial fibrillation is not an
entirely benign arrhythmia. Apart from its thromboem-
bolic complications, it has adverse haemodynamic effects
even in patients with a controlled ventricular rate.9
Atrioventricular nodal ablation is inappropriate for parox-
ysmal atrial fibrillation unless symptoms are clearly
related to a rapid ventricular rate and all other therapeutic
options have been considered.

Restoring and mainaining sinus rhythm with devices
The restoration and preservation of sinus rhythm, where
feasible, remains the preferred goal of treatment in
patients with atrial fibrillation. Unfortunately, currently
available antiarrhythmic drugs are all of limited efficacy
and none is entirely safe. The newer class III agents (for
example, d-sotalol, dofetilide, azimilide, ibutilide) seem to
have substantial potency in the atrium, but the high hopes
held out for them must be qualified by uncertainty over
their potential for causing torsade de pointes."0

ATRIAL DEFIBRILLATORS
An implantable atrial defibrillator might be of consider-
able value to patients with sustained symptomatic
episodes of paroxysmal atrial fibrillation. Early experi-
ments with low energy shocks delivered within the right
atrium were ineffective in restoring sinus rhythm,"I and
the idea was not initially pursued. More recent studies in
sheep, however, indicate that low thresholds for transve-
nous atrial defibrillation can be achieved with electrode
configurations that embrace both atria, especially from
the high right atrium and coronary sinus. 12 A further
reduction in threshold can be achieved using a biphasic
shock waveform.'3 An initial experience using crude elec-
trodes in patients with paroxysmal atrial fibrillation
undergoing electrophysiological study demonstrated a
defibrillation threshold around 2 J- 100 times lower than
that of conventional cardioversion.'4 It remains to be seen
whether modifications to the number, design, and precise
location of electrodes, and to the shock waveform can fur-
ther reduce the defibrillation threshold. It is also not
known whether a series of smaller shocks can achieve the
same cumulative likelihood of success as a single shock
above the "threshold".
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Leads developedfor use with an implantable atrial defibrillator. Each has a S cm coil electrode. The coronary sinus lead (middle) is stabilised against the
vessel wall by the helicalform that it assumes (top) as its stylet is withdrawn. The right atrial lead (bottom) has a conventional active fixation tip.

The technical feasibility of an atrial defibrillator has
been demonstrated with a prototype implanted in sheep.15
Specially designed leads (figure) are used to obtain stable
positions in the right atrium and coronary sinus. The
shocks delivered can be smaller and the charge times
longer (because atrial fibrillation is not acutely life-threat-
ening) than with ventricular defibrillators. Therefore bat-
tery and capacitor size have been reduced so that the
device is not much larger than a complex pacemaker, and
is suitable for routine prepectoral implantation. The first
devices are expected to be implanted in patients some
time in 1995. Whether defibrillators can become a
standard treatment for patients with "difficult" atrial fib-
rillation will depend on the outcome of this initial experi-
ence in terms of safety and tolerability.

Mechanical complications of shocks delivered by an
atrial defibrillator are unlikely. None has been seen with
the higher energies used by implantable cardioverter-
defibrillator systems, including those with coronary sinus
leads. Of more concern is the risk that atrial shocks may
initiate ventricular arrhythmias. Even with QRS synchro-
nisation, there is a possibility that a shock delivered after a
short RR interval may fall within the relative refractory
period of part of the ventricle. Animal studies suggest that
the risk of ventricular proarrhythmia appears to be
confined to shocks that follow RR intervals of less than
300 ms.'6 Healthy animals, however, may differ from
patients with heart disease. Clinical experience with low
energy shocks delivered between right atrium and coro-
nary sinus during atrial fibrillation totalled some 1200
shocks in almost 100 patients by early 1994,'7 and this
experience has probably trebled since then. To date, no
pro-arrhythmia has been seen with synchronised shocks,
though significant pauses can occur in the few seconds
that follow shocks, and backup pacing will be a necessary
feature of the implanted device. While this safety experi-
ence is encouraging, it is as yet insufficient, and the first
devices will have to be physician activated. The arrhyth-
mogenic risk must be demonstrated to be at least as low
as that from antiarrhythmic drugs-say 1% per year. The

cumulative risk of shocks will depend on their frequency,
which is likely to vary considerably between patients, and
the effect of structural heart disease on the risk is
unknown. The causal link between shocks and any ven-
tricular arrhythmias that occur would be easy to establish
from electrograms stored by the device itself. While the
inherent safety of low energy defibrillation can be tested
in acute studies, certain technical aspects of the system
can only be tested in patients. These include the long-
term stability of leads and their defibrillation thresholds.
Most importantly, the detection algorithms used by the
device will be new in many respects, and specificity will
be all important to minimise the risk of inappropriate
shocks.

Data on the tolerability of low energy intracardiac
shocks are limited because few studies of atrial defibrilla-
tion have been conducted in conscious patients. Though
the atrial defibrillation thresholds achieved so far are
remarkably low they still seem to lie slightly above the
threshold of pain for most patients.'4 The effects of pos-
ture, lead position, and shock waveform on discomfort
are unknown. It is clear from experience with implantable
defibrillators that the perception of ventricular shocks
varies greatly between patients, and with the circum-
stance in which shocks are given. While atrial shocks of
around 1 J may be intolerable during an experimental
protocol, they may be acceptable to a patient who is
familiar with them, able to control their timing, and who
associates them with the reliable termination of a highly
symptomatic arrhythmia. Fully automatic function of the
device, though technically possible, may not be appropriate
unless shocks can be made virtually imperceptible.

PACEMAKERS TO TREAT ATRIAL FIBRILLATION
Another prospect is the implantation of pacemakers to
treat atrial fibrillation. It is clear from many retrospective
analyses and a recent controlled trial that pacing the
atrium in patients with sinus node disease results in a con-
siderably lower incidence of atrial fibrillation than does
pacing the ventricle.'8 It is also common experience that
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episodes of atrial fibrillation sometimes occur less fre-
quently when patients with the sick sinus syndrome are
paced. In a small series of patients with paroxysmal atrial
fibrillation associated with bradycardia, dual chamber
pacing reduced the frequency of episodes,19 and ran-
domised trials of atrial pacing in less selected patients are
under way. Overdrive pacing at a rate determined by the
frequency of atrial premature beats appears promising,
but long-term efficacy has not been demonstrated.20
"Resynchronisation" by pacing both the right atrium and
the coronary sinus can be beneficial in patients with a
form of atrial flutter dependent on interatrial conduction
block.2' Studies in patients with atrial fibrillation are
under way, but obtaining satisfactory and stable coronary
sinus-pacing is not always straightforward. Finally, local
capture of atrial fibrillation in dogs has been described by
one centre.22 If this can be reproduced in patients, it is
possible that sophisticated pacing devices might one day
be able to simultaneously entrain sufficient atrial
myocardium to extinguish atrial fibrillation. This objec-
tive remains distant, but if it is achieved it will be a
triumph of technology over human electrophysiology.

Modification of the atrial substrate
The ability to reproduce the new atrial fibrillation opera-
tions23 by catheter ablation is an enticing prospect. In par-
ticular, a non-thoracotomy "maze" procedure would be
an attractive treatment for many patients: the current
operation restores both sinus rhythm and a degree of
atrial transport in most patients, but it is a major surgical
undertaking with a significant morbidity. Established
radiofrequency techniques produce point lesions,
typically 5 mm in diameter, rather than the linear lesions
necessary for the abolition of atrial fibrillation. The devel-
opment of catheter based techniques to deliver several
such lesions within both atria (probably using a trans-
septal approach for the left) with sufficient precision pre-
sents a considerable technical challenge. Two approaches
are being taken. New catheters have been developed with
long flexible tips that produce linear, longitudinal
lesions.24 However, is not yet clear that continuous sur-
face contact can be consistently achieved, nor how such
catheters can be made sufficiently steerable to locate
lesions correctly within the atria. The alternative
approach is to produce a linear lesion by dragging a con-
ventional ablation catheter along a preset path on the
endocardium. This method has recently been described
in a few patients, using conventional ablation catheters
guided by a series of shaped sheaths to produce multiple
linear lesions approximating those of the maze opera-
tion.25 At present, the procedure is lengthy with long
screening times-indeed, it is often performed over two
or more days-and may result in atrial flutter circuits that
themselves require ablation. Nevertheless, it has demon-
strated the feasibility of using radiofrequency lesions to
abolish atrial fibrillation. The next logical step would be
to develop an entirely new procedure based on steerable
catheters, rather than attempting to copy a surgical
technique.

The era of interventional therapy for atrial fibrillation is
approaching, but gradually. The rate of implantation of
devices to prevent and treat atrial fibrillation is unlikely to
mirror the explosive growth seen with ventricular defibril-

lators, in which the possibility of saving a life makes a
bulky, imperfect, and even painful device acceptable.
However, if the safety and tolerability of atrial defibrilla-
tors or the efficacy of atrial pacing can ever be demon-
strated, such implanted devices may considerably
improve the quality of life for many patients. The number
of such devices actually used will then depend partly on
the willingness of health care purchasers to pay for this
improvement and partly on advances made in catheter
based techniques to modify the atrial substrate.
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